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Benthic ctenophores, members of the family Coeloplanidae (Order Platyctenida, Phylum

Ctenophora) are more widespread and abundant in tropical and subtropical marine environments
than formerly recognized. Coeloplanid ctenophores are members of the most speciose family of
benthic ctenophores, with 33 recognized species of Coeloplana and one species of the genus
Vallicula (Mills 1998). The majority of coeloplanids are ectosymbionts of algae and diverse
benthic invertebrates (Matsumoto 1999, Alamaru et al. 2015). Hundreds to thousands of
individuals can occupy preferred habitats in < 1 m2 of substrate patches. Galt (1998) noted
Vallicula multiformis inhabiting algae in Hawaii at population densities as high as 10,000
individuals m-2. Also, in South Florida Glynn et al. (2017) observed 100s of individuals of V.
multiformis inhabiting macroalgae, and 1,000 to 1,500 individuals of Coeloplana waltoni on
octocoral stems.

Like many of their pelagic counterparts, benthic ctenophores are efficient predators,

employing a pair of extensible tentacles with numerous short tentilla (side-branches) armed with
colloblasts (sticky cells) that assist in prey capture. When fishing, the tentacles can extend to at
least 5-10 times the body length, capturing mesozooplankton, both holoplankton and
meroplankton. These planktonic components often include fish eggs and larvae (Glynn et al.
2018), both of which play a crucial role in population counts of many species. Studies have
generally focused on the predatory behavior of benthic ctenophores with the functional role of
tentacles involved in the capture of zooplankton (Rankin 1956, Emson and Whitfield 1991,
Eeckhaut et al. 1997). However, recent observations have shown that tentacles may serve an
This article is protected by copyright. All rights reserved.
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alternative purpose. Here we offer behavioral and photographic evidence that coeloplanid
tentacles may also function defensively in protection against predators. Here we describe the
defensive behaviors of Vallicula multiformis Rankin 1956 and Coeloplana waltoni Glynn, Bayer
& Renegar 2014. Vallicula multiformis occurs in shallow (0.25-2.0 m depth), sheltered
biofouling communities, commonly ranges 2-8 mm in body length, and often assumes the color
of its biotic host. Coeloplana waltoni occurs at 2-10 m depth on octocorals in exposed coastal
habitats, is 1-2 mm in body length, translucent, and notably cryptic. Both ctenophore species
inhabit species-rich communities with numerous potential predators and competitors. Two types
of ctenophore defensive behaviors are herein described, the extension of compact tentacle tangles
by V. multiformis (Fig. 1a, b), and shelter-seeking behavior beside and within octocoral host
calyces and polyps by C. waltoni (Fig. 1c, d).

All behaviors reported here were observed in captive animals in southeast Florida over a

few days to several weeks’ duration on multiple occasions from 2014 to 2018. Ctenophore host
algae and octocorals served as natural substrates for V. multiformis and C. waltoni, respectively.
Observations were made visually with the naked eye and microscopically at 8 to 35X
magnification. Agitation or predator simulation was effected by pricking ctenophores,
dislodging them from a resting position by forceful water jets, and probing with a cheliped of a
known crab predator [Portunus sayi (Gibbes 1850)]. Additionally, naturally occurring live
predators of V.
multiformis, the sea anemone Exaiptasia pallida (Agassiz in Verrill, 1864), and of C. waltoni, the
gastropod mollusk Cyphoma gibbosum Linnaeus 1758 and the pygmy angelfish Centropyge argi
Woods & Kanazawa 1951, were offered ctenophore prey (see Glynn et al. 2018).
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Individuals of V. multiformis remained motionless under low light and low flow to still

water conditions. In feeding trials, tentacle extension occurred in a matter of minutes in flowing
water with zooplankton. Tentacles were greatly extended, several times the ctenophore’s body
length, with tentilla regularly spaced and deployed along their lengths. Upon agitation – for
example by performing a simulated predator attack – ctenophores quickly, within a few seconds,
extended both tentacles as a dense tangle on each side of the body (Fig. 1a, b). Accompanying
tentacle extrusion, the ctenophores typically flattened their bodies (oral side) against the substrate
and remained motionless. Upon repeated stimulation they would begin to move; mean escape
locomotion was 0.13 mm s-1 (n = 6 individuals). Some fleeing ctenophores retracted the tentacle
tangles, while others left them extended.

When feeding, the tentacle extension behavior of individuals of C. waltoni was similar to

that of V. multiformis. However, individuals of C. waltoni would typically move to the outer
rims of octocoral calices to better position themselves for tentacle extension in the water column.
Upon stimulation, C. waltoni would quickly retract its tentacles and move away from the point of
contact. Mean escape locomotion was 0.067 mm s-1 (n = 5 individuals), about one-half the
fleeing rate of V. multiformis. Fleeing individuals would typically approach an octocoral polyp
and attempt to enter the polyp’s calyx (a protective cup). This escape behavior occurred most
often in smaller individuals (~1 mm in length). The ctenophores were usually repulsed by the
occupying polyps that expanded and physically blocked entry. As a result, ctenophore
individuals usually settled with partial entry or around the bases of calyces where they were still
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well camouflaged and virtually invisible (Fig. 1c, d). The time to seek refuge usually ranged
between 30 to 60 seconds.

Horizontal exposure in Petri dishes of nearly equal-sized (< 1 cm greatest body length)

individuals of both V. multiformis and the anemone E. pallida, resulted in the sea anemone
immediately grasping the ctenophore with a tentacle and pulling it toward its mouth. In
response, the ctenophore quickly ejected tentacle tangles that ensnared several of the anemone’s
tentacles. Thus began a back and forth “tug-of-war” that lasted from 2 to 3 minutes, with both
individuals engaged in rapid tentacle contraction and relaxation. The anemone was the first to
disengage from the encounter, with tentacle relaxation, thus allowing the ctenophore to escape.
During vertical feeding trials, when ctenophores were introduced onto the oral disc from above
(Glynn et al. 2018), anemones were usually successful in subduing and ingesting the
ctenophores, suggesting that the angle of contact (horizontally from the benthos or vertically
from the plankton) could be a critical factor in prey capture or escape.

Active encounters between individuals of C. waltoni on their octocoral hosts with the

non-visual mollusk grazer and the visual fish predator generally involved ctenophore body
contractions and tentacle retraction. Continuing mollusk grazing, and pursuit by the angelfish
resulted in ctenophore fleeing behavior and seeking shelter. Grazing gastropods invariably
consumed sheltering ctenophores, but the capture success of ctenophores by fish predators was
greatly reduced.
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There are few behavioral observations of ctenophores involved in escape responses
(Mackie et al. 1992, Matsumoto and Harbison 1993, Mackie 1995). All pelagic species studied
showed increasing swimming responses to stimulation, effected by ciliary activity and muscular
contractions of the body. In Mackie’s (1995) review of the defensive strategies of pelagic
cnidarians and ctenophores, he emphasized the importance of reducing accidental contact and
damage caused by associated zooplankters instead of damage from predators. Of the three major
defensive categories reviewed by Mackie – involution, intimidation (visual displays), and escape
– C. waltoni often demonstrated a type of involution, i.e. slight crumpling when stimulated, and
both ctenophore species performed different styles of escape behavior. In regards to
intimidation, no bioluminescent responses were observed in the benthic coeloplanids; however,
larger individuals of C. waltoni assumed a pinkish color in the warmer months (June-October)
that made them slightly more visible. V. multiformis typically remained motionless and extruded
both tentacles as compact, twisted masses. C. waltoni would usually flee, taking refuge adjacent
to octocoral calyces and polyps. In addition, mimicry – adoption of host coloration by V.

multiformis, and host color and texture by C. waltoni (by virtue of translucency) – likely plays a
role in reducing injuries and losses from visual predators.

In conclusion, the various defensive behaviors described here likely contribute to the

notably high abundances of benthic ctenophores in the species-rich octocoral and biofouling
communities in subtropical South Florida. A chief focus of future studies should verify the
occurrence of these laboratory observations under natural field conditions. Further, attention
should be directed toward identifying the predators of benthic ctenophores and their influence on
ctenophore population control and structure.
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Fig. 1 Photomicrographs of two individuals of Vallicula multiformis (a, b) motionless with
fully extended tentacle tangles, ~5 mm body lengths; an individual of Coeloplana waltoni on
208

octocoral host Eunicea tourneforti moving rapidly in escape response past a calyx (c),

and 209

attempting to enter a calyx (d), 1.5 mm body length.
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